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Abstract

There is a large literature on the own race bias, the finding that people are better at recog-

nizing faces of people from their own race. Here an own gender bias is shown: Males are better

at identifying male faces than female faces and females are better at identifying female faces

than male faces. Encoding a person�s hair is shown to account for approximately half of

the own gender bias when measured using hit and false alarm rates. Remember/know judge-

ments and confidence measures are taken. Encoding a person�s hair is critical for having a

‘‘remember’’ recollective experience. Parallels with the own race bias and implications for eye-

witness testimony are discussed.
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1. Introduction

Ninety percent of eyewitness experts believe that the own race bias––that people
are better at identifying others of their own race––has produced results that are re-

liable and large enough to be part of expert scientific testimony (Kassin, Tubb,

Hosch, & Memon, 2001; see special issue of Psychology, Public Policy, and Law,

March 2001; for a meta-analysis see Meissner & Brigham, 2001). The explanation

usually given for this bias is that people become experts in recognizing faces of their

own race because of having much interest in and contact with people of their own
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race (Brigham & Malpass, 1985; Furl, Phillips, & O�Toole, 2002; Wright, Boyd, &

Tredoux, 2003). Other own group biases, for example, an own age bias, have also

been found (Wright & Stroud, 2002). Here we are interested in an own gender bias,

and the quality of the resulting memories.

There have been some studies that have investigated whether there is an own gen-
der bias. For example, Shaw and Skolnick (1994, 1999) have conducted several stud-

ies investigating this. In their studies, male and female participants were shown

simulated crime videos of either a male or a female perpetrator. They found that peo-

ple were more accurate with their own gender. This type of study, where participants

see a small number of targets in a relatively realistic format, is important for estab-

lishing the ecological validity of any finding. However, there are two disadvantages

of this type of study which we address here. The first is that each person can contrib-

ute only a small number of data points. This means that a large number of partici-
pants is needed to achieve precise estimates and to have sufficient power to detect

even moderate effects. The second disadvantage is that only a small number of faces

are used as stimuli. There may be peculiarities about these particular faces that make

the results not generalize (for discussion see Wells & Windschitl, 1999; Wright, 1998).

The standard ‘‘old’’/‘‘new’’ memory recognition procedure does not have these dis-

advantages, though it has less ecological validity than the approach used by Shaw

and Skolnick (1994, 1999). Thus, these studies should be seen as complementary

to Shaw and Skolnick�s approach.
The results of studies using ‘‘old’’/‘‘new’’ recognition procedures have been mixed

(McKelvie, 1981, 1987). Shapiro and Penrod (1986) conducted a meta-analysis of a

large number of face recognition studies. Some of these studies reported the gender

of the face and the participant, so this allowed the authors to look to see if there was,

overall, an effect. Shapiro and Penrod found an own gender bias for correct identi-

fications, but no bias for correctly rejecting faces that had not been previously seen.

The effect, however, was much smaller than for the own race effect, and the size/pres-

ence of the effect varied across studies. The effect also does not appear to occur to the
same extent for females and males. In one early study, Cross, Cross, and Daly (1971)

found the effect was due mostly to females performing better with female faces than

male faces, not to a similar own gender bias for male participants (see also Lewin &

Herlitz, 2002).

As with other own group biases, the own gender bias is shown by a statistical in-

teraction. Here it is between the gender of the target face and the gender of the par-

ticipant. Herlitz and colleagues (Herlitz, Airaksinen, & Nordstrom, 1999; Lewin,

Wolgers, & Herlitz, 2001; Nyberg, Habib, & Herlitz, 2000) have shown gender dif-
ferences in memory performance on several test batteries. Females are generally bet-

ter with verbal tasks and males are generally better with visuospatial tasks. With

respect to face recognition, these gender biases would show up as main effects (Lewin

& Herlitz, 2002). It is more difficult to explain an own gender interaction from gen-

der differences on these test batteries unless characteristics of female faces differ in

their ease of verbal encoding compared with male faces.

A second aim of this research is to investigate memory for a person�s hair. O�Don-

nell and Bruce (2001) have shown that hair is a particularly important characteristic
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for recognizing unfamiliar faces. This is of great applied importance because crimi-

nals often cover their hair or use other disguises when committing crimes. By simul-

taneously examining own gender bias and memory for hair we are able to estimate

the proportion of any observed own gender bias that is attributable to memory for

hair. It might be, for example, that males and females are equally accurate trying to
recognize someone who had his or her hair covered at encoding. This would mean

that the entire own gender bias could be attributed to a bias in memory for hair.

Alternatively it may be that the bias remains the same size when hair is covered,

suggesting hair does not contribute to the own gender bias.

A third aim of this study involves people�s recollective experience of the memory.

We use an ‘‘old’’/‘‘new’’ memory recognition procedure with Tulving�s (1985; see

also Gardiner, 1988) ‘‘remember’’/‘‘know’’ distinction. Tulving (1985) said that these

responses represent different levels of memory awareness. ‘‘Remember’’ responses in-
volve what he calls autonoetic, or self-awareness, and equate with episodic memory.

‘‘Know’’ responses are where the person has a memory of the event, but without the

‘‘I was there’’ recollective experience which is associated with ‘‘remember’’ responses.

This is similar to semantic memory and involves noetic consciousness. Tulving de-

scribes a third type of memory which is without consciousness, or anoetic, and cor-

responds to ‘‘guess’’ responses (see Gardiner, Ramponi, & Richardson-Klavehn

(2002), for meta-analysis of studies using these three options). This is often called

procedural or implicit memory. Following Conway, Gardiner, Perfect, Anderson,
and Cohen (1997), we use an additional category, ‘‘familiar,’’ which lies between

‘‘know’’ and ‘‘guess.’’ It maps onto some notion of accessibility of aspects of the

event, but without any conscious memory per se. The ‘‘remember’’ responses usually

coincide with perceptual memories (see participants� instructions below). If hair is

necessary to define some holistic face representation, then it is possible that encoding

without hair may reduce the number of ‘‘remember’’ judgements. We also asked for

decision confidence. Research (Gardiner & Java, 1990) has shown that remember/

know judgements differ from confidence ratings, though the two are statistically
related (Yonelinas, 2001).
2. Methods

2.1. Participants

Twenty female and 20 male Caucasian students from the University of Bristol vol-
unteered for this study. The ages ranged from 17 to 36 with a mean of 26 years. All

were unpaid volunteers.

2.2. Materials

Twenty four male and 24 female face pictures were downloaded from the Web or

taken from Bristol psychology department from before any of the participants would

have arrived. All were Caucasian. None had any outstanding features (glasses,
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beards, excessive jewellery, odd hair styles, etc.). Six judges estimated the ages of

these faces and the estimates for all faces were between 18 and 25 years. In general,

people are accurate in estimating people�s ages (George & Hole, 1995). Using a com-

puter graphics package, these pictures were altered to remove any additional non-

facial cues. Each picture was printed twice and mounted on a card. The hair was
removed using a black permanent ink marker from one of the pictures for each

person.
2.3. Procedure

Participants were tested individually and told that they would be seeing 24 faces

and that half of the faces would be shown with their hair blacked out. Twenty four
faces were randomly chosen with the constraint that there were six males with hair,

six males with no hair, six females with hair, and six females with no hair. Partici-

pants were shown each of the target faces, in random order, at a rate of 4 s per face.

The cards were lifted up by the experimenter (B.S.) who could not see the front of the

card.

The instructions for the recognition phase, recollective state judgements, and con-

fidence ratings were then given to the participant. The recognition was simply saying

‘‘yes’’ if they thought that they had seen the face before and ‘‘no’’ if they had not.
Again, the experimenter lifted the card and recorded responses, but could not see

the front of the card. Recollective states were defined as follows:

Remember You can recall the specific episode of first viewing the face. In this case

you may have the image in mind relating to the recalled face. Per-

haps you virtually ‘‘see’’ again the original presentation of the face.

Know You may just feel that you recognize the face from the presentation

stage. In this case you would not be able to recall a specific episode, you
simply know the face.

Familiar It may be that you neither know the face nor remember it, although the

face seems more familiar than other faces which you previously re-

sponded ‘‘no’’ to.

Guess You will have seen 50% of the faces previously in the presentation stage.

From this you may deduce that you have not made the response ‘‘yes’’

enough times and for this reason you select the face. This is a guess

response and is usually accompanied by a lack of confidence.

Confidence ratings were made on a 1–10 scale with 1 being a lack of confidence

and 10 being certain.

Participants were told to ask the experimenter if they had any questions. Explain-

ing this procedure took approximately 5 min. Thus, the retention interval from when

the last face was shown until the beginning of testing was 5 min. Next, participants

were presented with the 24 male and 24 female pictures, all with hair, in random

order. They were first asked whether they had seen the face, then the confidence in
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their decision, and finally, if they had said ‘‘yes,’’ their recollective state. Afterwards,

participants were thanked and debriefed.
3. Results

3.1. Recognition scores

Fig. 1 shows the hit rate for male and female faces originally shown with and

without hair, and the false alarm rate for new male and new female faces. The hit

rates and false alarm rates are the number of ‘‘yes’’ responses plus 0.5 divided by

the number of chances plus one. The flattening constant was used so that z scores
can be calculated when the hit or false alarm rate is either 0 or 1. There is only a sin-
gle set of false alarm rates because the photographs not previously shown, and there-

fore eligible to be false alarms, cannot vary in the way they were previously shown.

In all comparisons, people performed better with their own gender demonstrating

the own gender bias. The size of the effects are largest for the hit rate when the faces

were originally shown with hair.

For statistical analyses the hit and false alarm rates were combined into d 0 scores

(z(hit rate)-z(false alarm rate), see Macmillan, 1993). Using the confidence ratings,

we calculate receiver operating characteristics (ROCs) for the different conditions
using the procedures described in Wickens (2002, Chapter 5). When graphed as their

normal deviates all were roughly linear with slopes of 1. These are assumptions of d 0.

We choose d 0 rather than alternatives (Swets, 1986) because of these ROCs and be-

cause it is the most well known measure for diagnostic accuracy.

An ANOVA was run on the d 0 scores (Table 1) with two within-subject variables

(target gender and whether the face was originally shown with hair) and one
Fig. 1. The means and 95% confidence intervals (CIs) for the hit and false alarm rates for the different

conditions.



Table 1

The d 0 scores for male and female faces, for male and female participants, when hair is present at encoding

and when it is covered

d 0

Male face Female face

No hair Hair No hair Hair

Males 1.18 1.86 0.56 0.76

(0.15) (0.13) (0.21) (0.16)

Females 0.21 0.56 0.85 1.56

(0.10) (0.13) (0.10) (0.17)

Scores of d 0 ¼ 0 correspond to no accuracy. Standard errors are in parentheses below the estimates.
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between-subject variable (participant�s gender). The most notable effects are that the

d 0s were higher when hair was present (F ð1; 38Þ ¼ 49:61, p < 0:001, partial g2 ¼ 0:57)
and that male and female participants each did better with their own gender

(F ð1; 38Þ ¼ 72:98, p < 0:001, partial g2 ¼ 0:66), thus demonstrating the own gender

bias. The magnitude of this effect is approximately the same for males (main effect of

target gender for males, partial g2 ¼ 0:63) and females (partial g2 ¼ 0:70). Finally,
there was a three-way interaction among participant�s gender, target�s gender, and

whether the target�s hair was covered (F ð1; 38Þ ¼ 14:39, p ¼ 0:001, partial g2 ¼
0:28). The reason for this is that each group had a larger ‘‘hair’’ effect for their

own gender. In other words, not encoding hair is more detrimental for faces of your

own gender than for faces of the other gender.

Pairwise comparisons between d 0 for faces shown with and without hair were con-

ducted for male and female participants, for both male and female photographs. The

95% between-subject confidence intervals for the differences (as opposed to the d 0s

themselves), which provide measures of the benefit of originally encoding hair, are:

males viewing female faces (0.07, 0.46),

males viewing male faces (0.41, 0.94),

females viewing female faces (0.44, 0.97),

females viewing male faces (0.11, 0.60).

As can be seen, the mean hair effect is about twice as large when viewing people

from your own gender. It is important to note that all the confidence intervals are

above zero, meaning that the hair effect is detected in each condition, it is just smaller
when recognizing people of the other gender.

There is an alternative interpretation of the interaction in Table 1. The ANOVA

statistics are based on additive differences between conditions: d 0 with hair minus d 0

without hair. This assumes a particular level of measurement (interval). When anal-

ysed this way the hair shift in d 0 is about 0.70 for males and females when viewing

faces of their own gender, and is about 0.20–0.30 when viewing faces of the other

gender. However, it is important to consider other levels of measurement (Wright,
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1997a). If instead of taking the additive difference, the ratio is taken, then the hair

effects for male participants are 1.86/1.18¼ 1.58 for male faces and 0.76/0.56¼
1.36 for female faces. The effects for female participants are 0.56/0.21¼ 2.67 for

males faces and 1.56/0.85¼ 1.84 for female faces. This alternative interpretation sug-

gests that female participants were more affected by the absence of hair than male
participants and that male faces are more affected by having hair covered than fe-

male faces. Here we focus on the additive difference interpretation because it is more

common when using d 0 in recognition studies, but this deserves further investigation.

3.2. Quality of responses and confidence

Table 2 gives the frequency and percentage (in parentheses) for the faces the per-

son says are new, and those which the person responds ‘‘remember,’’ ‘‘know,’’ ‘‘fa-
miliar,’’ and ‘‘guess,’’ for the different conditions. These are broken down by whether

the recognition was of someone of their own gender or of someone from the other

gender. In total, 0.2% (two in total) of those faces not originally shown (i.e., fillers),

1.5% (seven in total) of those originally shown without hair, and 22.4% (108 in total)

of those originally shown with hair were ‘‘remembered.’’ This very large difference

between those shown with and those shown without hair was maintained across
Table 2

Participants� reported recollective state by condition for cross gender and own gender recognition

Recollective state

Says new Remember Know Familiar Guess Total

Cross gender recognition

Not seen 328 1 27 102 21 479

(69) (0.2) (6) (21) (4)

Seen w/o 128 4 27 57 24 240

Hair (53) (2) (11) (24) (10)

Seen w/ 102 39 53 40 7 241

Hair (42) (16) (22) (17) (3)

Totals 558 44 107 199 52 960

(58) (5) (11) (21) (5)

Own gender recognition

Not seen 388 1 17 60 14 480

(81) (0.2) (4) (13) (3)

Seen w/o 101 3 32 95 7 238

Hair (42) (1) (13) (40) (3)

Seen w/ 42 69 70 55 6 242

Hair (17) (29) (29) (23) (3)

Totals 531 73 119 210 27 960

(55) (8) (12) (22) (3)

The frequencies are shown with the row percentages in parentheses. The first row gives the figures for

previously unseen faces, the second row gives faces previously seen without hair, and the third row those

previously seen with hair.
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Fig. 2. A biplot showing the associations among own versus other gender recognitions, originally encod-

ing a face either with or without hair, and recollective experience. This is based on a correspondence anal-

ysis (see Appendix A for further details).
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genders. The ‘‘know’’ responses showed a similar trend. The ‘‘familiar’’ responses

showed the opposite trend. The ‘‘guess’’ option was seldom used (4.2% in total).

Clearly the memory quality ratings are related to the condition. Assuming that the

individual trials are independent, the association between condition and response

can be measured by v2ð8Þ ¼ 155:7 for recognition of people of the other gender

and v2ð8Þ ¼ 451:8 for recognition of people of the same gender. This association
can be partitioned in several ways. Fig. 2 shows the biplot from a correspondence

analysis. Correspondence analysis is a method for partitioning the association of

two variables and producing a graph of the associations. Items similar to each other

will tend to be near to each other in the graph. Details of the statistical procedure

are given in Appendix A.

First looking at the responses, Fig. 2 shows a progression from the guess and fa-

miliar responses through know responses to remember responses. This progression

shows that recognition of faces seen previously without hair are associated with
guess and familiar responses, while recognitions of those previously seen with hair

are associated with know and remember responses. Faces not previously seen

(new faces) are associated with new responses. All the cross gender conditions

(shown with the symbol ·) are all closer to the origin (the point 0, 0) than the

own gender conditions (shown with the symbol +). This means that the own gender

conditions are differentiated better by the response conditions. In essence, this means

that people are more accurate with own gender trials.

Confidence ratings were also made. Excluding those who said that the face was
not previously seen, and treating all observations as independent, the c correlation

was 0.87 (p < 0:001). The pattern was similar for all conditions when making a pos-

itive recognition. However, when people said that the face was not previously seen,

there were differences among the conditions. When it was a correct rejection people

were fairly confident (�xx ¼ 6:16, sd¼ 1.87), while they were less confident when incor-

rectly rejecting a face originally shown without hair (�xx ¼ 5:21, sd¼ 1.74), and least
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confident when rejecting a face originally shown with hair (�xx ¼ 4:69, sd¼ 1.81).

Assuming item independence, these differences are all highly significant.
4. Discussion

The aims of this study were to test if an own gender bias exists, to see if the size of

any own gender bias is related to encoding hair features, and to examine how having

hair covered at encoding affects recollective experience. All these were found: an own

gender bias, hair contributed to this effect, and a very large effect of hair on recollec-

tive experience.

A strong own gender bias was found. This is important for several reasons. One is

related to eyewitness testimony. Police investigators and jurors should be warned of
this effect. While the own race bias has an intuitive explanation, that it is caused by

contact time and levels of processing of one�s own race, this seems less intuitive an

explanation for an own gender bias. However, from an evolutionary standpoint it

is likely that our ancestors were more concerned with recognizing their competition

for mating than recognizing possible mates (Karen McComb, personal communica-

tion, January, 2003). Further, it is clear from non-pornographic magazines, that the

majority of photographs are of people of the same gender as the target audience.

While exposure may still be a partial explanation for the own gender bias, it deserves
further investigation.

The size of the effect is also important. In fact, according to the rules for admitting

expert scientific testimony as evidence (Daubert v Merrell Dow Pharmaceutical, Inc.,

1993; and Kumho Tire Co., v. Carmichael, 1999), the judge is to consider the size of

any effects. With respect to the quantitative measure d 0, the own gender bias was of a

similar size to not encoding a person�s hair. Unlike Shapiro and Penrod (1986), we

found evidence for a recognition bias for false alarms. Further, in contrast with some

of the literature (Lewin & Herlitz, 2002), we found the bias occurred for both male
and female faces.

The second aim of this study was to see if encoding information about a person�s
hair could have differential benefits for male and female faces, and by male and fe-

male participants. We did not have any a priori hypotheses about whether hair

would be a more diagnostic feature of male or female faces, or if males or females

would differentially use characteristics of the targets� hair to help in memory. These

effects could be examined in several ways. The most common method is subtracting

the d 0 for without hair recognition from with hair recognition, and comparing these
differences. Using this method, we found a three-way interaction with gender of face,

gender of participant, and presence of hair. The direction of this effect was that hair

was more helpful for females viewing female faces, and males viewing male faces,

than when making cross gender identifications. Thus, memory of hair appears to

be a contributing factor to the own gender bias. From the effect size measures, about

half of the own gender bias can be accounted for by memory for hair. This method

assumes that the d 0 scores have an interval level of measurement. This is the usual

assumption, but other metrics are possible (Wright, 1997a). If a ratio of the d 0 scores
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was thought to be the most meaningful level of measurement the interpretation

would be different. Further investigations into which the appropriate level of mea-

surement and also whether other facial features contribute to this effect are war-

ranted.

The third focus of this study was on the recollective memory experience (Tulving,
1985). While the quantitative measure d 0 showed that encoding hair was important,

the qualitative measures showed more striking differences. People were not ‘‘remem-

bering’’ faces which were previously seen without hair. While participants said they

‘‘remembered’’ the face between 20% and 25% of the time when originally shown

with hair, only approximately 2% of the time did they say they ‘‘remembered’’ the

face when they had not seen the person�s hair. This is a very large effect. The applied

significance of this is that police, judges, and jurors should not expect a vivid recol-

lection when the culprit�s hair is covered during the crime.
In summary, research into biases in face recognition is important both for under-

standing the psychological mechanisms involved and for applied purposes. Here we

have shown that an own gender bias occurs in face recognition. This is important

for assessing the reliability of eyewitness reports. Some changes to cross gender line-

up procedures could be made along the lines of those advocated for cross race

lineup procedures (Wells & Olson, 2001). These could include making sure that there

are people of the same gender there to advise police on the construction of the

lineup and that more fillers are used for cross gender lineups. We showed that the
own gender bias is due partially to memory for the person�s hair. This also has

forensic relevance because often people cover their hair when committing a crime.

They do this because they believe that it makes them less easy to recognize. We con-

firmed this. The size of this effect, when looking just at the quantitative measures

(hit rates, false alarm rates, and d 0), is of a similar size to the own gender bias. How-

ever, the effect is much more striking when looking at qualitative measures of the

recollective experience. These were greatly affected by removing hair from the

encoded faces.
Appendix A

Correspondence analysis is a relatively uncommon technique in psychology and

so it deserves further explanation here. We also go into more depth about some of

the models that we explored for comparing memory quality and the different condi-

tions.
Correspondence analysis is appropriate when there are two categorical variables

and the analyst is interested in the association between them. Here, there are four

variables, but correspondence analysis can be used by combining some of the vari-

ables (Van der Heijden, de Falguerolles, & de Leeuw, 1989; Wright, 1997b, Chapter

7). Other techniques can also be used with multiple categorical variables, but corre-

spondence analysis provided a better description of the data here. Introductions to

correspondence analysis can be found in Bartholomew, Steele, Moustaki, and Gal-

braith (2002) and Michailidis and De Leeuw (1998). More detailed treatment is given
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in Van de Geer (1993). It is also worth mentioning the main alternative to correspon-

dence analysis in this situation, log-multiplicative models (the RC(M�) models,

see Agresti, 2002; Goodman, 1991). The two approaches yield, as they usually do,

similar solutions for the current data. Our choice of correspondence analysis was

because we wished to stress the descriptive nature of our analyses.
First, it is important to show how the number of variables was reduced from 4 to

2 so that correspondence analysis could easily be used. There are four variables of

interest in this data set: the response (five categories: remember, know, familiar,

guess, and new), the gender of the person (two categories), the gender of the face

(two categories), and trial condition (three categories: not previously shown, previ-

ously shown with hair, previously shown without hair). As reported in the text,

the effects for males and females (participants and faces) are of approximately the

same size. Thus, these two variables were combined into one variable: own gender
versus cross gender trials. Next, this own gender variables was combined with the

condition into six categories for each possible combination. This corresponds to

the six rows in Table 2.

The most common procedure for comparing two categorical variables is a v2 test

of association. For the data in Table 2 this is v2(20) of 666.25 for Pearson v2. There

are two main questions: How big is this effect? and what is the nature of any asso-

ciation? The first of these can be addressed with the v2 value. The maximum Pearson

v2 is n multiplied by the number categories, minus 1, of the variable with the fewer
number of categories. In symbols, nminðr � 1; c� 1Þ. So, here the maximum is

(1920)(4)¼ 7680. An intuitive effect size is the proportion of observed v2 of the pos-

sible v2. This is 0.087 and is sometimes called V 2. Its square root, Cramer�s V ¼ 0:29,
is another common measure of effect size.

The v2 value shows that the independence model of no association does not fit

well (i.e., it is statistically significant). But with 20 degrees of freedom the statistic

does not identify where the association lies and so, on its own, is of little value. There

are different ways to explore the association, for example, graphing the residuals
from the independence model. However, in recent years there have been two strands

of research that appear more useful. The first set, which includes correspondence

analysis, is built on ideas from scaling and principal component analysis. The second

set extends the log-linear model, and these techniques are more popular in sociology.

Goodman (1991) and others have described the similarities and differences between

these approaches.

Correspondence analysis is a descriptive method of partitioning the Pearson v2 as-

sociation into a small number of dimensions, or canonical correlates. The qualitative
values for the variables are assigned quantitative values. The quantitative values

found for each value maximize the correlation between the two variables. This is

the first dimension. Here the first canonical correlate is created by assigning the fol-

lowing values to the response variable (new¼)0.47, guess¼)0.19, familiar¼ 0.21,

know¼ 1.01, remember¼ 2.17) and these values to the conditions (cross gender

new¼)0.46, own gender new¼)0.62, cross no hair¼)0.18, own no hair¼ 0.00,

cross with hair¼ 0.72, own with hair¼ 1.59). If these values were assigned to the

two variables, the correlation would be r ¼ 0:54.
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Further dimensions can be calculated up to the minimum of the number catego-

ries of each variable, minus 1 (i.e., minðr � 1; c� 1Þ). The values for the second di-

mension are: for the response variable (new¼ 0.57, guess¼ 0.04, familiar¼ 0.21,

know¼ 0.12, remember¼ 0.06) and for the conditions (cross gender new¼)0.03,
own gender new¼ 0.48, cross no hair¼)0.40, own no hair¼)1.01, cross
hair¼ 0.30, own hair¼ 0.18). These produce a correlation of 0.22. The scores on

the first two dimensions can be plotted together as a biplot as in Fig. 2. The third

dimension produces r ¼ 0:11, and the fourth r ¼ 0:04. Squaring the correlation

yields what is called in correspondence analysis the inertia for each dimension and

these values can be used to decide the number of dimensions in the same manner

as a scree plot of the eigenvalues used in factor analysis to decide the number of fac-

tors (the sum of the inertia of all the dimensions is v2=n). However, usually two

dimensions are plotted.
The third dimension differentiates guesses from the other responses and the cross

gender no hair condition from the other conditions. The two dimensional solution

underestimates the association between guesses and this condition. The fourth di-

mension accounts for too little of the total inertia to be interpreted.

It appears that the guess responses may involve more than just a different point

along a memory quality dimension. This supports the conclusions from Gardiner

et al.�s (2002) meta-analysis. Correspondence analysis was rerun without the trials

where the participant said that an item was ‘‘new.’’ The new Pearson v2ð15Þ ¼
245:51 with V 2 ¼ 0:098, V ¼ 0:32. The first dimension produced a correlation of

r ¼ 0:52, the second an r ¼ 0:16, and the third an r ¼ 0:05. The biplot (Fig. 3) shows
the first two dimensions. Remember, know, and familiar form an almost interval

scale (in relation to the responses to the different conditions). The second dimension

differentiates the guess responses from the others, as well as showing a differentiation

between cross and own gender faces shown without hair. The own gender trials were

more associated with familiar responses, but the cross gender trials were more asso-
Fig. 3. A biplot of the associations among own versus other gender recognitions, originally encoding a

face either with or without hair, and recollective experience, with the ‘‘new’’ responses excluded.
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ciated with guess responses. This is clearly an exploratory observation, but deserves

further investigation. In general, we encourage others to use techniques for multivar-

iate categorical data with memory quality responses in order to help understand how

these responses relate to memory. Given the amount of research using categorical re-

sponses for memory quality (i.e., remember–know judgements, source monitoring,
etc.), fuller exploration of the properties of these scales would be prudent. For these

data we found correspondence analysis the most informative.
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